Purpose In-situ preservation of cauda epididymal spermatozoa at -10°C with electrolyte free media for obtaining maximum functional gametes than preservation at 5°C. Methods Electrolyte free media prepared with soybean lecithin-glycerol, Coenzyme Q10 -glycerol and soybean lecithin -Coenzyme Q10-glycerol were inoculated separately into ligated cauda epididymides, equilibrated 2 h at 5°C, wrapped with aluminium foil and freezed at -10°C. Spermatozoan characters were evaluated 7 and 21 days after thawing at 38.5°C in a water bath for 5 min. Results Spermatozoan characteristics were diminished gradually and significantly (p<0.001, p < 0.05) between the media and observation days. Soybean lecithin-CoenzymeQ10-glycerol effectively protected spermatozoa against cold shock where spermatozoan progressive motility, viability, hypo-osmotic swelling positivity were 30.2±0.62; 45.2 ± 0.82 and 41.6±0.79 percent respectively on day 21. Conclusion This method can be adopted in field conditions for transportation of frozen epididymides and re-utilization of maximum functional gametes to conserve valuable animals after postmortem / slaughter.
Introduction
Interest in using epididymal sperm from domestic and nondomestic species is increasing because of the inherent value of individuals who die before making a contribution to the genetics of their own population, to reduce the risk of increase in inbreeding co-efficient in captive animal populations, and to insure the preservation of genetic variability of endangered species within closed captive populations [1] . Moreover, the ability to use the epididymal sperm from males, culled in zoos, parks, sanctuaries or in the wild could preserve their "wild DNA" for introduction into captive populations. However, due to unpredictability of death and often the remoteness of valuable / exotic males, or animals kept in captive condition at the time of death, harvesting and cryopreservation of epididymal sperm in a timely manner are not often feasible. Hence, to maintain the quality of slaughtered / postmortem collected epididymal sperm, preservation methods need to be developed through Artificial Reproductive Technologies (ART) to replenish the gene pool of wild and captive animals that can further increase the utility of sperm.
Many experiments have evaluated the efficacy of epididymal sperm collection from various domesticated and wild animals at different timed intervals after post mortem, and their preservation at 4 to 5°C or at -196°C showed a substantial loss in the sperm characteristics before and after preservation [1] [2] [3] [4] [5] [6] [7] [8] . Six hours after postmortem collection, caprine spermatozoa within the cauda epididymides have been reported to preserve successfully for 96 h at 4°C and were able to fertilize ova [9] . Canine epididymal spermatozoa also collected six hours after postmortem were preserved for up to 8 days at 5°C where spermatozoan progressive motility and membrane integrity were 50 % and 80 % respectively [10] .
Pregnancies and live births from ART using fresh, cooled or cryopreserved epididymal sperm have been performed successfully in various domesticated and wild animals including human [3, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
Though advances have been made through ARTs, preservation of valuable gametes from endangered/ exotic species requires further research. Importantly, research should be carried out using related domestic species to develop/ determine the basic protocols prior to extending the techniques which can be modified to best fit the valuable species being studied. Moreover, to prevent maximum loss of valuable gametes and to recover maximum functional gametes for a considerable long period from postmortem animals, new strategies for preservation of epididymal sperm in field condition could be thought off instead of preservation at 4 to 5°C.
Considering the importance of biodiversity and of domestic species genetic resources preservation, this study suggests a new method for epididymal sperm preservation aiming to -(i) formulate the electrolyte free (EF) media using soybean-lecithin (SL) and Coenzyme Q10 (CoQ10) and to evaluate their efficacy on Jamunapari buck spermatozoa remaining in-situ in the ligated cauda epididymides after storage at -10°C. (ii) Maximize the recovery of functional gametes and their transport after a long period of freezing and (iii) establish of an effective protection protocol of valuable genotype of exotic / endangered species after slaughter / postmortem especially in field condition or in less facilitated laboratories for transportation and re-utilization of freezed gametes for cryobanking and for use in ART.
Materials and methods

Materials
Chemicals and reagents were purchased from E. Merck (India) Limited, Mumbai 400048, India and SISCO Research Laboratories PVT. LTD., Mumbai-400099, India.
Preparation of cauda epididymides
Normal testes (n=80) from adult and healthy Jamunapari bucks were collected from local abattoir immediately after slaughter. The organs were shifted to laboratory in Styrofoam container at 5°C in a plastic bag containing normal saline solution (NSS). Tunica albugenia were removed from the testes. Fat-pad, blood vessels, adipose and connective tissues were cleaned carefully, and washed thoroughly with cold NSS. As per anatomical positions ligatures were placed unilaterally at the cauda epididymides (i.e. posterior region of the corpus epididymis and anterior region of the vasdeferens respectively). All the testes attached with ligated epididymides were kept at 5°C in a refrigerator for 10 min.
Preparation of the electrolyte free (EF) media
Before preparation of the EF media, experiments were conducted to select optimum concentration of fructose, glycerol (G), soybean lecithin (SL), coenzyme Q10 (CoQ10) and antibiotic used on the basis of spermatozoan progressive motility and hypo-osmotic swelling positivity.
Soybean lecithin-glycerol (SLG): Fructose 1.5 g, SL 40 mg, Glycerol 6.5 ml, Gentamycin 50 mg, bidistilled water upto 100 ml.
CoQ10-glycerol (CoQ10G): Fructose 1.5 g, CoQ10 30 mg, Glycerol 6.5 ml, Gentamycin 50 mg, bidistilled water upto 100 ml.
Soybean lecithin-CoQ10-glycerol (SLCoQ10G): Fructose 1.5 g, SL 40 mg, CoQ10 30 mg, Glycerol 6.5 ml, Gentamycin 50 mg, bidistilled water upto 100 ml.
Three media were prepared into separate glass beakers and were allowed to stir by magnetic stirrer for 1 h at 5°C. Media were passed through Millipore filters (0.25 µm) separately and were kept into sterilized amber coloured coded glass bottles at 5°C. The p H of the media was adjusted to 6.8. The prepared media were used within 7 days.
Inoculation, equilibration and freezing procedures Two ml precooled individual EF medium was inoculated very slowly into each ligated cauda epididymis separately (n=10 for each medium and for observation days) with 30G needle in different directions very slowly and placed in a refrigerator at 5°C for 1 h. After 1 h, the same medium, 2 ml each, were inoculated again to each cauda epididymis in the same treated groups and placed at 5°C again for another 1 h for equilibration. Two hrs after equilibration, all the testes along with treated epididymides (n=60) were wrapped properly with aluminium foils to prevent the deposition of ice-crystals directly on the testes and epididymal surfaces and stored immediately into refrigerator at -10°C without an automatic defrosting cycle. The specimens were placed in a way that the entire testicular along with epididymal surfaces remained beneath 3 inch from the upper floor, 3 inch above from the lower floor and 6 inch apart from both the side walls of the refrigerator ice-box so that each testis remained in the ice vapour properly. The control epididymides along with testes (n=20 without any treatment) were also equilibrated and stored in similar ways.
Thawing procedure
Thawing of the epididymides along with testes including the controls (n=10 from each group) were performed after 7 and 21 days of freezing respectively. Before thawing aluminium foil were removed from the testes and epididymides and were allowed to warm to room temperature (35± 2°C) for 2 min and immersed immediately into a water bath at 38.5±1°C for 5 min till the outer surface of the testes as well as epididymides were softened.
Post-thaw evaluation of cauda epididymal spermatozoa
Thawed cauda epididymides were dissected carefully from both the ligated ends of vasdeferens and corpus epididymides. Each cauda was kept into separate Petridishes containing 5 ml of 0.15 M phosphate buffer saline (PBS) p H 7.4, previously warmed to 37°C. Caudal portions were minced carefully with razor blades and were allowed to suspend in the buffer for 5 min at 37°C. Gentle pressure on the excised tissues was given by separate glass rods. Each resultant suspension was filtered through nitex membrane (150 µ) to free the cellular debris. Filtrates were collected separately into individual sterile coded centrifuge tubes, centrifuged twice at 500 g for 10 min and the supernatants were discarded each time. All the sperm pellets were resuspended again with 2 ml of PBS, vortexed gently for 3 s and placed into an incubator at 37°C for 10 min containing 5 % CO 2 in air. After incubation, 10 µl of sperm suspension from each test tube was transferred to other coded sterile glass test tubes and 190 µl of PBS was added to each sperm suspension and incubated as above for 5 min for subsequent evaluations.
Assessment of spermatozoan progressive motility
Spermatozoan progressive motility from different treated groups including controls were evaluated [23] under Leitz phase contrast microscope (× 100,×200; Germany). An arbitrary scale (kinetic rating) of a "0 to 5" was used to determine the spermatozoan progressive motility by scoring 200 individual sperm cells from each sample in triplicate and their mean results were expressed in percent motile.
Assessment of spermatozoan viability
Live spermatozoa from treated and control epididymides were evaluated by Eosin-Nigrosin stain [24] . Two hundred sperm cells were counted randomly at least from 10 different microscopic fields under the light microscope (× 200;×400). The mean results from 3 individual stained slides from each caudal portion were counted and their mean results were expressed in percent viable spermatozoa.
Assessment of spermatozoal plasmamembrane integrity
Hypo-osmotic swelling (HOS) test of thawed cauda epididymal spermatozoa from both the control and EF media treated groups were performed with 150 mOsm HOS solution [25] . A total of 200 sperm cells from 10 different microscopic fields were counted randomly under Leitz phase contrast microscope (× 200;×400). Sperm cells that exhibited different types of tail coiling were scored thrice from 3 slides of each individual sample and the mean values were expressed as percent HOS positive sperm.
Statistical analysis
All the data were analyzed by general linear model by SPSS-10 [26] . The multiple means were compared using Duncan Multiple Range (DMR) Test. Table 1 depict that EF media treated in-vivo epididymal spermatozoan characters were diminished gradually and significantly (P<0.001; P < 0.05) at 21 days when compared with freeze-thawed epididymal spermatozoa at 7 days.
Results
Spermatozoan progressive motility (%) was completely absent in control specimens but highest progression remained in SLCoQ10G followed by CoQ10G and SLG media respectively. Effect of the media on the spermatozoan progressive motility after day 7 revealed significant variations (P<0.001) among the media, however, at 21 days it did not vary between the SLG and CoQ10G medium but both varied significantly (P < 0.001) with SLCoQ10G medium respectively.
Maximum viable sperm cells (%) were remained in SLCoQ10G followed by CoQ10G and SLG treated medium and in control specimens. Viable sperm cells recovered respectively after 7 and 21 days of post-thawing exhibited significant variations (P<0.001) among the media including controls, except between SLG and CoQ10G treated sperm cells.
Percentage of HOS positive (coiled tailed) spermatozoa observed after 7 and 21 days of post-thawing also revealed SLCoQ10G medium provided higher protection to sperm plasmamembrane (SPM) than any other media including controls. It was also observed that number (%) of coiled tailed spermatozoa in controls varied significantly (P< 0.001) from the EF media treated groups, but between SLG and CoQ10G medium, treated spermatozoa did not vary, however, both varied (p<0.001) with the SLCoQ10G treated spermatozoa.
Discussion
Recovery of spermatozoa at postmortem and its successful preservation is important to save the valuable gene pool which requires successive experimentations. It is well known that epididymal sperm particularly caudal sperm though mature but are most sensitive to freeze-thawing than all the germ cells examined including ejaculated sperm. This is due to maximum decrease in the concentration of phospholipids in caudal spermatozoa during maturation phases of spermatozoa [27] [28] [29] . Therefore, prediction for effectiveness of any media and its components are very important during cold preservation/freezing of sperm cells, particularly spermatozoa from cauda epididymal region. In this experimental model, in-vivo caprine cauda epididymal spermatozoa treated with EF media and freezed at critical temperature of -10°C were able to withstand cold shock effectively and was found to be better than preservation at 4-5°C [9, 10] . Though gradually diminished, treated spermatozoa maintained good progressive motility, viability and plasmamembrane integrity after freezing till up to 21 days of observation. The protective effectiveness of EF media on the sperm cells during freeze thawing varied with their compositions. Synergestic effect(s) of SL and CoQ10 provided best protection to the freezed-thawed spermatozoa against cold shock (Table 1) .
It is revealed from the present experiment that spermatozoan characteristics though diminished can be restored successfully within the epididymides with EF media at -10°C for considerable long days where SL as membrane stabilizing agent and CoQ10 both as membrane stabilizing agent and antioxidant acted very well.
Protection offered to spermatozoa by SL during Freezethaw cycle, may be due to its lipid components interacting with specific membrane proteins of spermatozoa, or may cause a more general shift in membrane fluidity that supports membrane-dependant actions. SL contains phospholipids. Soyaphosphatidylecholine contributes to the structural integrity of the cells by protecting fatty acids from damage caused by Reactive Oxygen Species (ROS) and by lowering lipid peroxidation (LPO) to the cell membrane and thus stabilize SPM [30] .
CoQ10 exhibits both antioxidative and membrane stabilizing property and helps to prevent sperm cells from damage caused by ROS and other free radicals [31] . Testicular tissues and sperm viability are particularly vulnerable to peroxidative injury produced by free radical. ROS is responsible to increase the LPO of SPM and leads to its damage causing infertility [32] . CoQ10 encourages better sperm motility and viability by providing protections against the damaging effects of ROS and by preventing LPO in SPM thus maintained SPM integrity [33] . CoQ10 is an essential component in the synthesis of ATP in the cells and is concentrated in the mitochondria of the sperm midpiece, as well as an integral redox and proton translocating component of the mitochondrial respiratory chain [34] , so that the energy for movement and all other energydependant processes in the sperm cells are also dependant on the availability of CoQ10 [35] . Importantly, CoQ10 helps to regenerate the oxidized vitamin E thus converting it into strong antioxidant and helps to recycle and preserve vitamin E thus prevents its prooxydant activity which helps in energy production in the sperm cells [36, 37] . As CoQ10 is highly lipophilic, it could reasonably hypothesized that this antioxidant can diffuse the phospholipid bilayer of cellular membrane and thus protect the SPM. Moreover, carrier substances present in the cell membrane can transport glucose under the influence of CoQ10, and by this mechanism in the presence of added CoQ10, probably more glucose are able to reach inside the cell where intracellular metabolic machinery took over it for energy metabolism and thus sperm become more capable to withstand the rigors of freezing and thawing better [38] . Exogenous administration of CoQ10 has been found to ameliorate the results of membrane integrity test [39] which possibly simulate with the present finding.
Though EF media are able to protect the caudal spermatozoa from freeze damage, however, were unable to protect the gametes as functional not more than 45 % after freeze-thawing. Moreover, it has been observed that increasing freezing time had detrimental effects also on the EF media treated sperm cells (Table 1) . We consider nine possible reasons for the diminishing characteristics of treated sperm cells.
Though the addition of cryoprotective agents (CPA) are essential for sperm survival following freezing process, but can cause loss in sperm viability due to osmotic damage or from true chemical toxicity. The addition of CPA before freezing and their removal after warming creates an anistonic environment resulting in potentially damaging osmotically driven cell volume changes. Such changes in solution osmolality (Solution effect) and in cell volume can be responsible for loss in the functional integrity of sperm [40] . Glycerol can affect physical features in the cytoplasm, permeability and stability of the membrane bilayer and metabolism on noncovalent attachment of proteins to the sperm surface [41] . But, the biochemical mechanisms of these type of toxicity are unknown. However, prolong storage of sperm with glycerol is ultimately detrimental to the sperm cells, because sperm cells metabolically convert glycerol into a toxic metabolite known as "methyglyoxal" [42] , which might be an important factor associated with the variations in freezability of sperm [43] . (ii) During freeze-thaw cycle, a substantial portion of the sperm cells undergo irreversible damage due to thermal, mechanical, chemical and osmotic stress [44, 45] . There occurs significant differentiation in sperm biophysical characters, such as cell surface area, cell volume, water volume and membrane permeability to water [46] . The sperm plasma membrane is of crucial importance to freeze-thaw survival of spermatozoa and is regarded as primary site of freezing injury. Ice-crystal mediated damage of SPM affects spermatozoan motility and viability seriously and is responsible to be a major cause of cell death due to freezing. A large portion of cell destruction has also been observed when the transition period from the liquid to solid phase or vice-versa is prolonged [47] . Moreover, slow freezing at -10°C is also detrimental to spermatozoa due to the formation of more crystals inside the cell and in the immediate environment of the cells which is responsible to pears the SPM. (iii) Plasma membrane disruption due to cooling and freezing also favours the loss of cations and enzymes from the sperm cells [48] and destroy the selective permeability of SPM to calcium leading to excessive intracellular level of this ion which reduce the spermatozoan motility and lead to necrosis to the sperm cells [49, 50] . (iv) LPO and subsequent membrane damage are at its peak during the thawing process due to free radicals toxic oxygen metabolites that are produce at low levels in the cells with a restricted supply of oxygen, concomitantly, there is an increase in free radicals production on restoration of O 2 supply to the cells. It is speculated that this sudden increase in O 2 utilization by sperm cells during thawing following the dormant metabolic stage, might be responsible for increased production of free radicals, leading to increase in LPO which is a causal factor for spermatozoan membrane damage [51] . (v) Two main sites of ROS production are in mitochondria and in SPM. During freezing of sperm cells, there is production of ROS [40, 52] causes change in membrane functions and structure of the cells which induce alteration in antioxidant defense system of the cells [52] . The SPM serves as the main physical barrier to the outside environment and is a primary site of freeze-thaw damage. Such damage includes membrane destabilization due to lateral lipid rearrangement [53] [54] [55] , loss of lipid from the membrane [56] , and peroxidation of membrane lipids as a result of formation of ROS [32, 57, 58] . These events can affect spermatozoan motility and response to osmotic stress as well as alters the signaling pathways of the cells. Cold shock damage is directly linked to lipid phase transitions leading SPM to become transiently leaky, and thus affect the cellular membrane integrity [59] . (vi) The decrease in spermatozoan characteristics in different treatment groups and between the days could have been a result from individual variations in the sperm quality. Heterogeneous sperm populations are found in the cauda epididymis i.e. completely mature, nearly maturing and aged sperm cells remain in the cauda epididymis. Being in a differentiated state, compared to other cells, may explain their resistance to cold shock.
(vii) Excess generation of ROS from dead / defective sperm cells, [54, 60] and leukocytes [61, 62] might be another causal factor that initiates detrimental effects to the normal sperm cells. (viii) EF media when inoculated into the cauda epididymides plausibly, the solutions were not able to enter evenly into all the epididymal tubular loops to reach to the sperm cells properly for their protection resulting more cellular death. (ix)
Another causal factor for diminishing freeze-thawed sperm characteristics might be the thawing procedure which requires further study.
The freezing protocols are simple, novel, and more effective than preservation of whole epididymis at 4 to 5°C and can be performed easily in the field condition. Laboratories that do not have very good facilities may follow this protocol until they are ready to send the specimens to distant laboratories for immediate processing. Hence, to prevent a substantial loss and to maximize the utilization of valuable genotypes this method would definitely meaningful one towards genetic conservation and improvement of diminishing animal species. However, future research in this aspect needs to be developed.
